Abstract: This paper describes the plant communities of two oligotrophic karstic rivers with a slight anthropogenic influence -the Trebižat and the Lištica -in South Bosnia and Herzegovina, their sinecology, and the relationship between vegetation and plant species and environmental parameters. According to 87 relevés, a total of 26 plant associations, using Braun-Blanquet methods, were found in the rivers and nearby surveyed area. Only nine associations were common to both rivers. Eight associations were recorded for the territory of Bosnia and Herzegovina for the first time. Associations from both rivers differed according to following parameters measured at the sampling site: water temperature, distance from the mouth (river kilometers), river width, water depth, flow, pH and slope. There were no differences in nutrient concentrations among the associations. According to Canonical Correspondence Analysis (CCA), three environmental variables out of the 11 initially considered were retained as being related to plant distribution. The first two axes explained 56.8% and 35.2% of variance of species-environment relationship in the Trebižat and Lištica rivers, respectively. Water depth in the Trebižat River, and pH and river kilometers in the Lištica River were found to be the most influential, while nutrients and other physico-chemical parameters were not significant in either river. Water depth vector was identified as an underlying environmental factor determining distribution of Potamogeton lucens and Myriophyllum verticillatum (Potamion), and Nymphaea alba (Nymphaeion albae). According to in situ measurements of light intensity, the highest coefficients of light attenuation, radiance and reflection were found at a station with dense populations of Potamogeton lucens and Nuphar luteum (Potametum lucentis). The vegetation and floristic value of the rivers is discussed as a basis for biodiversity conservation programmes and evaluating the state of these ecosystems in the future.
Introduction
Rivers are diverse and dynamic systems that play an important role in the complexity of the landscape (Chovanec et al. 2000) . Aquatic macrophytes are fundamental to the structure and functioning of lowland river habitats (Baatrup-Pedersen & Riis 1999) , and description of environmental parameters influencing their patterns of composition and distribution are of crucial importance. Distribution of macrophytes and their communities are affected by various environmental factors and their interactions (for review see Bornette & Puijalon 2011) . On the other hand, species composition of macrophytes and their abundance reflect the quality of the river ecosystem as a whole, and both macrophytes and their communities can be considered as indicators of various habitat conditions in water ecosystems (Murphy 2002) .
Aquatic plants and their associations integrate the chemical, physical and biological qualities of their ecosystem. Hrivnák et al. (2007) found that diversity and distribution of macrophytes in lowland European rivers depend on the concentration of nutrients, current velocity and anthropogenic impact. Water chemistry and varying tolerance of species to nutrient load determine the distribution of macrophytes in lowland Danish streams (Riis et al. 2000) . Different hydrological dynamics and human impact expressed in landuse types were responsible for the variability of aquatic macrophyte assemblages along the Danube corridor in Slovakia ). In the karstic Krka River (Slovenia), sediment type, flow velocity and water depth were parameters that result in a mosaic of habitats (Germ et al. 2004) . Janauer et al. (2010) also reported that flow velocity influences the occurrence of macrophytes in the Danube River. Bottom structure, the width of the riparian zone, retention devices in a channel and land use beyond the riparian zone significantly affected the macrophyte community in Slovenian karstic watercourses (Šraj-Kržič et al. 2007; Mechora et al. 2010) . Water depth had the highest pure effect on macrophyte composition in rivers and streams of Western France and Slovakia (Bernez et al. 2004; Hrivnák et al. 2010 ). This parameter is closely related to other factors, such as water transparency or turbidity, associated with light availability for macrophytes. In general, the relative importance of particular environmental factors varies with spatial and temporal scales (Lacoul & Freedman 2006) .
The structure of macrophyte vegetation in relation to environmental variables has been reported for many European rivers, but there naturally remain sites that have not yet been investigated. Among these are karstic rivers in the western Balkans. In addition, during the last decades attention has mostly been given to the impact of altered human activities on macrophytes. This study is focused on aquatic and marsh vegetation communities in the rivers Trebižat and Lištica (South Bosnia and Herzegovina, Fig. 1 ) where travertine cascades and blocks offer a variety of habitats for aquatic biota. The objectives of this study were: (i) to assess patterns of plant associations and distribution of aquatic macrophytes in two oligotrophic rivers with very weak anthropogenic influence, (ii) to determine the relation between environmental parameters and the occurrence of macrophytes, (iii) to detect site conditions within other communities found along the riverside: permanently shaded halvcaves with dripping water, nutrient-poor wet grasslands and riparian willow communities.
Study area
The southern part of Bosnia and Herzegovina belongs to the Dinaric karstic region. The study area is situated in the Eurosiberian Region, Alpino-Caucasian Subregion, Apennino-Balkan Province, and Illyrian Sector (Rivas-Martínez et al. 2004 (Redžić et al. 2008) . Phytogeographycally, this area belongs to the sub-Mediterranean vegetational zone of the Ostryo carpinifoliae-Carpinion orientalis Horvat (1954 Horvat ( ) 1958 alliance.
According to Milosavljević (1973) , the Trebižat and Lištica river valleys belong to lower altitude levels (up to 500 m) and they are characterized by approximately equal climatological characteristics. Summers are warm and dry, while winters are mild and rainy. This area is characterized by a high precipitation -average rainfall is 1,500 mm yr −1 -but, owing to the porous nature of its karstic soil, a general lack of surface water. The mean annual air temperature is 14.6
• C (data for the neighboring station of the city of Ljubuški, central part of investigated area, for the period 1971-2000, recorded by the Meteorological and Hydrological Service of Bosnia and Herzegovina). The warmest part of the year is summer, with an average temperature for the season of 23.4
• C. The warmest month is July, with an average monthly temperature always above 23
• C, while the coldest month is January, with a mean monthly temperature around or above 5
• C. Mean monthly temperatures above 20
• C were recorded for the period from June to September.
The river Trebižat is 50 km long and its orographic catchment area is 1,200 km 2 . The maximum depth is 7 m, measured mostly in the upper course. The river 42 A. Lasić et al. has an altitude range from cca 8 m a.s.l. at the river mouth to 130 m a.s.l. at the source. Travertine barriers with cascades occur along the river. The highest cascade has a width of 120 m and a height of about 28 m. There are some small pools between cascades, with maximum depths exceeding 4 m. The Bosnian Government protected some cascades as geomorphological natural monuments in 1961. According to data of the Agency for the Adriatic Sea River Basin District (Mostar, Bosnia and Herzegovina), the river's mean annual flow is 1.13 m 3 s −1 (at the Studenci station near the town of Čapljina on the lower section of the river). Discharge is a function of the ground water level in the hinterland and generally is higher in autumn and early spring. The total number of residents in the settlements along the river is estimated at 16,500.
The river Lištica is 31.5 km long and its catchment area is 220 km 2 . The mean annual flow is 2.7 m 3 s −1 at the Lištica station situated on the upper portion (Kupusović 2012). The upper reaches pass through the city of Široki Brijeg (population 26,500). The lower course crosses flat plains and runs through the karstic depression (called 'polje') of Mostarsko Blato ('Mostar Mud') in which it eventually disappears underground. The maximum water depth of the river is 5 m in its lower course. The river Lištica spreads into the Mostarsko Blato 'polje' and deposits there its suspended materials. The river has an altitude range from cca 225 m at Mostarsko Blato to 300 m a.s.l. at the source above the city of Lištica. The waters of both rivers are moderately hard, non-corrosive and not significantly mineralized, and are often turbid (Štambuk-Giljanović 2003). They do not contain any large amount of dissolved organic matter or toxins. Studied habitats in the rivers had neutral to slight alkaline pH water reaction. Only in a very narrow belt along the rivers diffuse pollution exerts pressure both on surface and underground waters due to unsustainable agricultural practices. The rivers are crucial for recreation and fishing and they are also used for drinking water and irrigation.
Material and methods

Plant communities
Studies of plant communities of the Trebižat and Lištica rivers were conducted in the period from 2007 to 2009 during the period of maximum vegetation development (June to October). Methods of the Zürich-Montpellier school (BraunBlanquet 1964) were applied for analyses of vegetation in the field. Only stands with at least the minimum area recommended for these types of vegetation were recorded (aquatic vegetation > 5 m 2 , marshland vegetation > (6-) 10 m 2 , cf. Chytrý & Otýpková 2003) . Plot size for communties of Adiantion capilli-veneris, Molinion coaerulae and Salicetea purpureae were 25, 50 and 100 m 2 , respectively (MuellerDombois & Ellenberg 1974). The abundance of plant species was estimated using the scale (+, 1, 2, 3, 4, 5) which has been taken as the standard in the Balkans (Horvat 1949) . The relevés were separated into communities on the basis of the dominant and/or diagnostic species in line with the traditional syntaxonomic system (cf. Stančić 2007) . A total of 87 phytocoenological relevés were done. Sites were selected randomly, ensuring that no particular portion of the sampling frame was favored. In practice, the highest number of sampling sites were taken below the major settlements located along the course of the rivers.
Surveys were conducted from small boats, slowly paddling or motoring through all areas shallow enough to support aquatic plants, recording all submerged and floatingleaved species, based on visual observation and collection with a long-handled (3.8 m) rake.
The nomenclature of syntaxa follows Horvat et al. (1974) modified by Balátova-Tuláčková et al. (1993) , and Trinajstić (2008) . The nomenclature of plant taxa follows Pignatti (1982) . River kilometers (rkm), the width of the river (W, m), slope (S, m km −1 ), flow (Q, m 3 s −1 ) and water depth (D, m) were also calculated for each sampling site. River kilometers are a means of locating sampling sites along the river relative to its distance from the mouth. River slope (gradient) is the grade measured by the ratio of drop in elevation of a river per unit horizontal distance, usually expressed as metres per kilometre (metre fall per 1 km of river length). A higher slope value indicates a steeper incline. River kilometers, slope and flow were calculated using Geographical Information Systems (GIS) tools. For this purposes, ArcGIS 8.3 software, and Digital Elevation Model (DEM) derived from a topographic map (1:25000 scale) was used (ESRI 2002) . In a GIS environment, the most efficient method to determine slope is through the use of DEM (Warren et al. 2004) . In this case, slopes were determined by a method utilizing a 20 m DEM. Due to lack of a dense network of hydrological stations, flows for most sampling sites were calculated by interpolation of data derived by measurements from the existing hydrological stations. For this purposes, a flow model has been constructed using the results of flow measurements from hydrological stations owned by the Agency for the Adriatic Sea River Basin District (Mostar, Bosnia and Herzegovina). This is unlikely to affect the results presented here because the input data in the model originated from the same period when the samples were taken in the field. In total, estimations were made according to data from six hydrological stations along each river. Water transparency (m) was estimated using a Secchi disc.
Physico-chemical parameters
Optical measuremets
Light intensity was measured with an in situ radiometric profiler PRR-800 (Biospherical Instruments, Inc.; http://www.biospherical.com). Measurements were performed on 15 th and 16 th July, 2009 at 25 sites (stations), starting in the River Trebižat in the upper part of the river, then further downstream, six sites were in the middle and five in lower sections of the river. The measurements comprised irradiance, radiance, fluorescence, water temperature, depth of measurement and tilt of the instrument. All the measurements were done at high solar altitudes.
Continuous measurements along the depth profile allowed calculation of attenuation coefficients for diffuse light and reflectance according to the formulae (Jerlov 1976) :
(1)
where E dλ is iradiance and R λ reflectance for the wavelength λ at the depth z.
Statistical analyses
In order to verify the traditional syntaxonomic system of the communities, the relevés were classified by numerical methods. For the purpose of all numerical analysis, coverabundance values were transformed according to van der Maarel (1979) , as follows: Inference of community-environment relationships was achieved by canonical correspondence analysis (CCA, ter Braak 1986; ter Braak & Verdonschot 1995) . CCA extracts synthetic gradients from the biotic and environmental matrices, which are quantitatively represented by arrows in graphical biplots (ter Braak & Verdonschot 1995) . The length of the arrow is proportional to the importance of the explanatory variable in the ordination, and arrow direction indicates positive and negative correlations. The analysis was carried out on the different communities identified by the clustering process described previously. For each community type, species-abundance and environmental data were averaged across sites that clustered together. Only diagnostic (characteristic) species of associations were considered. In the Trebižat River, 30 species from 25 associations in 60 samples were related to eight physico-chemical parameters, while in the Lištica River 25 species from 10 associations in 20 samples were correlated with 11 variables. Environmental data were standardized to zero mean Main effects ANOVA was used to determine whether there is a significant difference in the environmental factors among the associations. Unequal N HSD post-hoc test showed homogeneous environmental factors for certain association within each the river area. Data on environmental parameters in the same association of two rivers were tested using the t-test. Analyses were performed with STATISTICA 7.0 software (StatSoft Inc., Tulsa, OK, USA).
Results
Plant communities
Numerical analysis has shown that there is a good correlation between plant associations in the traditional sense based on the characteristic and diagnostic taxa and obtained clusters (Fig. 2) . Altogether, 26 associations were noted. They are grouped into six vegetation classes, nine orders and 11 alliances (Appendix 1). In the Trebižat and Lištica rivers, 25 and 10 associations were found, respectively. Altogether, nine associations were common to both rivers. Six water and marsh associations were recorded in Bosnia and Herzegovina for the first time (Potametum perfoliati, Potametum graminei, Potametum lucentis, Potametum pectinati, Myriophylletum spicati and Equiseto palustri-Iridetum pseudacori), and two terrestrial (Eucladio-Adiantetum capilli-veneris and HoloschoenoMolinietum arundinaceae).
Ecological characteristics of plant communities
The mean, range, and standard deviation of physicochemical parameters at 0.5 m are shown in Table 1 . The two rivers differed in their water temperature, NO 3 concentrations, river width and flow (t-test, P < 0.05). In addition, a Secchi disc reached the river bottoms on the most sites.
Plant association differed in their physico-chemical parameters in both rivers. In the river Trebižat, associations differed in their temperature, NO 2 and SiO 4 concentrations (ANOVA, P < 0.05), and especially in river kilometers, slope, river width, flow and water depth (P < 0.001).
Regarding the slope, the association of freefloating hydrophytes Lemno-Spirodeletum polyrhizae, along the Holoschoeno-Molinietum arundinaceae, Salicetum albae-fragilis and Eucladio-Adiantetum capilliveneris associations, differed from all others and they appeared exclusively with higher slopes mostly in the lower portion of the river. In addition, HoloschoenoMolinietum arundinaceae and Eucladio-Adiantetum capilli-veneris were found at the sites with the lowest river width (4-6 m). By contrast, Ceratophylletum demersi (Potamion) was present in the widest part of the river (64 m), near the narrow delta.
The most associations were frequently developed between 0.5 and 1.8 m. Vegetation of emergent (Phragmitetum australis and Scirpetum lacustris (0.7-0.8 m depth), and submerged macrophytes (Ranunculo trichophylli-Sietum erecto-submersi, 0.3-0.4 m) occurred at the sites with lowest water depths. Caricetum elatae covered relatively limited areas, flooded or not, with a water depth of 0.1 m. The associations which occurred at the river sites with the highest water depths were Potametum perfoliati and floating-leaved community Myriophyllo verticillati-Nupharetum lutei (1.5-1.8 m). Along these, phytocoenoses of red willow (Salicetum purpureae) were found during spring at sites with a water depth of 2.0-2.5 m. These sites are dry during summer when the water level is low, the ground wa-ter level drop and the gravel and sand no longer retain moisture. Regarding nutrients, only the Phalaridetum arundinaceae association grows in water with high SiO 4 concentrations (>6 mg L −1 ). In the river Lištica, associations differed in their water depth and river width (ANOVA, P < 0.05), and especially in water temperature, slope, flow, river kilometers and pH (P < 0.001). There were no differences in nutrient concentrations among the associations. Vegetation of the Potametalia (the associations Potametum graminei, Potametum perfoliati, Myriophylletum spicati, Ranunculo fluitanti-Sietum erecto-submersi) and Phragmition australis (Sparganietum erecti and Scirpetum lacustris) were developed when water temperature exceded 20.1
• C. Regarding the pH factor, the Typhetum latifoliae association had the lowest pH (7.23). The associations Salicetum albae-fragilis and Ranunculo fluitanti-Sietum erecto-submersi were further away from the mouth (14-21 rkm), and mostly found on the higher slopes (2.4-5). Scirpetum lacustris was developed at the sites with the highest flow (3.1 m s −1 ), while Myriophylletum spicati and Typhetum latifoliae occurred in the lower water depths (0.4-0.5 m).
Relationships between plant taxa and environmental parameters Eigenvalues from the CCA analysis for the first three axes were 0.298, 0.177 and 0.171 in the river Trebižat (Fig. 3A) . The species-environmental correlations for the first and second axes were 0.741 and 0.674, respectively. The first two axes explain 56.8% of variance of species-environment relationship. The sum of all eigenvalues was 7.4, and the sum of all canonical eigenvalues 0.837. Using CCA analysis, water depth (F = 2.32, P = 0.004) was the only factor influencing plant taxa distribution along the river. Others variables were not significant. Water-depth vector was found within the same quadrant as a few taxa: Potamogeton lucens and Myriophyllum verticillatum (Potamion), and Nymphaea alba (Nymphaeion albae). On the other hand, Spirodela polyrhiza (Lemnion), Ranunculus trichophyllus (Ranunculion fluitantis), Alisma plantago-aquatica, Typha latifolia, Mentha aquatica, Galium palustre and Scirpus lacustris ssp. tabernaemontani (Phragmition australis), among others, occurred in the quadrant opposite to the water depth vector.
Eigenvalues from the CCA analysis for the first three axes were 0.641, 0.554 and 0.399 for the river Lištica (Fig. 3B) . The species-environmental correlations for the first and second axes were 0.979 and 0.974, respectively. The first two axes explain 35.2% of variance of species-environment relationship. The sum of all eigenvalues was 4.493 and the sum of all canonical eigenvalues 3.4. According to the CCA, pH (F = 2.60, P = 0.006) and river kilometers (rkm) (F = 1.90, P = 0.006) influenced plant taxa distribution in the river. Other variables were not significant. For example, the taxa Berula erecta (Ranunculion fluitantis), Gratiola officinalis, Cyperus longus, Alisma plantagoaquatica (Phragmition australis) and others were associated with higher pH. The taxa Myriophyllum verticillatum, Typha latifolia, Polygonum persicaria and Salix purpurea had a positive correlation with the river kilometers variable, in the upper right quadrant.
Optical features
Attenuation coefficients k dλz reflect water properties, e.g., its optically active constituents (Fig. 4A) . Generally the distribution of of attenuation coefficients by wavelengths was similar at all sites. The attenuation coefficients were lowest in the green and yellow-green parts of the spectrum, between 500 and 580 nm. The attenuation coefficients varied between sites in the green part of the spectrum; they increased towards both ends of the spectrum, being at some stations higher in the near ultra violet (NUV) than at the red end. However, these differences are not very great. The expected attenuation coefficient peak for chlorophyll at 680 nm was missing.
The highest values of attenuation coefficients are found at the site 42a where Potamogeton lucens and Nuphar luteum were the dominant species (the Potametum lucentis association, see Table 2 ). Next highest coefficients were found at the sites 66 (ass. Myriophyllo verticillati-Nupharetum lutei) and 56 (ass. Scirpetum lacustris). The lowest values of attenuation coefficients were found at sites 53b (ass. Potametum pectinati) and 25 (ass. Myriophyllo verticillati-Nupharetum lutei).
Reflectance is a non dimensional value obtained as relation of upward radiance to the irradiance (Fig. 4B) . Many of the investigated sites were shallow but transparent, and reflectance at these sites would reflect the spectral properties of the bottom. At sites with lower transparency/higher attenuation coefficients, where the bottom is not visible, the reflectance is attributed to the properties of water itself. High reflectance values were obtained particulary at site 42a with Potamogeton lucens and Nuphar luteum (ass. Potametum lucentis). High values were also found at the sites 42b and 53a (ass. Potametum perfoliati), 53b (ass. Potametum pectinati), 67 (ass. Potametum lucentis) and 56 (ass.
Scirpetum lacustris).
Maximum reflectance was found at 555 nm at all sites. The sites with high reflectance have also increased reflectance at 710 nm. This features allow us to categorise reflectances in two types: 1) type with lower reflectances, with maximum reflectance at 555 nm (most of the sites belong to this type); 2) type with generally higher reflectances in all parts of the spectrum, with maximum reflectance at 555 nm but with anomalously high reflectance at 710 nm (higher than at 685 nm).
Discussion
The two karstic rivers that were the focus of this study exhibited generally similar physico-chemical characteristics. According to nutrient and chlorophyll a data, each is oligotrophic (OECD 1982) . However, no regularities were observed for NO 3 . The Trebižat River had siginificantly higher NO 3 than the Lištica River and this may be, at least in part, attributed specifically to drained agricultural land, especially during dry periods. It was not possible to identify river reaches where hydrological and geomorphological characteristics were similar and maintained by comparable river processes (e.g., Barquín & Martínez-Capel 2011) .
Despite the trophic status similarity, the rivers nevertheless exhibit interesting differences in their plant communities. From the standpoint of plant community diversity, the Trebižat River was richer. The main reasons can be found in the river lengths and valley morphology, but also differences in other physico-chemical parameters (e.g., flows). Similar findings have been reported from different sections of the Sorraia River in the southern Iberian river basin (Ferreira & Moreira 1999) .
Eight new associations were recorded for the first time for this part of the Balkans. The relatively small number of documented localities in the rivers studied confirmed that water communities, mostly from the Potamion alliance, can be considered as rare in Dinaric karstic region as a whole (cf. IUCN 2010). Other associations recorded are characterized by wide geographic distributions (e.g., Oťaheľová 1996) .
In this study, three environmental variables were Table 2 . Structure of plant associations found on the stations of River Trebižat where optical measurements were carried out. Modified Braun-Blanquet cover abundance scale was applied (cover classes: 1 = <1% cover, 2 = 1-5%, 3 = 6-25%; 4 = 26-50%; 5 = 51-75%; 6 = 76-100%; Allen & McLennan 1983; Allen 1993 confirmed as related to plant distribution, although 11 were initially considered. In some cases, however, present findings were inconsistent with the data of other authors. For example, nutrients did not appear to be significant variables influencing species distribution, in spite of their general importance for river plants (Dawson & Szoszkiewicz 1999; K losowski 2006; Lukács et al. 2009, and references therein) . This may be explained, at least in part, by the extremely dynamic water flow from the oligotrophic karstic springs that feed these rivers, and the physical habitat characteristics of the rivers (Bonacci 2001) . In fact, trophic status gives the clearest relationship with the plant associations assuming that it is reflected in low nutrient concentrations. Willby et al. (2009) have reported that nutrients (N, P) explained only 5% of the variability in plant composition (after accounting for alkalinity and slope) in UK rivers. High ecological plasticity of macrophytes (cf. Wiegleb 1978 Wiegleb , 1988 was demonstated and most of the associations in this study, particularly from the Potamion and Nymphaeion albae, were also found to colonize mesotrophic waters (Szańkowski & K losowski 1999) . These results are not consistent with the findings of Dawson & Szoszkiewicz (1999) and Lukács et al. (2009) who found various Potametea vegetation, especially Potamogeton pectinati, in the eutrophic habitats of UK and Hungary. However, in our case, the presence of the typical fast-flowing water alliance Ranunculion fluitantis, and more surprisingly, eutrophic Nymphaeion albae and Lemnion minoris, alongside others, suggest a rich mosaic of microhabitats in the oligotrophic ecosystems. In nutrient-poor ecosystems, the addition of nutrients from anthropogenic sources can constitute a major disturbance, which has been shown in many examples to facilitate invasion by non-native species. This was not case in the rivers studied.
In our rivers, pH, water depth, and river kilometers appear to be the most important factors affecting distribution of association character-taxa. These environmental variables are among those found almost universally to influence aquatic plant community composition (Capers et al. 2010) . Finally, Lukács et al. (2009) showed that community-environment and species-environment relationship in nutrient rich water were similar to those found in nutrient poor waters and fens in Central Europe.
In this study, a close positive correlation beetween pH and Berula erecta (Ranunculion fluitantis), and some species from the eutrophic standing waters (Phragmition australis) may be explained by human activities such as agricultural runoff (e.g., fertilizers). According to Haury et al. (2006) , Berula erecta prefers a coarse substrate with high flow and has ecological value corresponding to meso-eutrophic conditions. The importance of pH has been well documented in the literature (e.g., Catling et al. 1986 , Heegaard et al. 2001 and relates to physiological differences between plants (Madsen & Sand-Jensen 1991) . In all communties in our study the water was alkaline.
Although the rivers studied are shallow, submerged rooted plants of Potamion and some taxa of floatingleaved communities of Nymphaeion albae were strongly related to depth in the case of the Trebižat. Results from Bulgarian rivers (Gecheva et al. 2013) or Slovak streams (Hrivnák et al. 2010 ) and many others (cf. Capers et al. 2010 ) corroborate the importance of water depth (or other measure of topography) for macrophyte composition and distribution. In this study, wa-ter and marsh associations were most highly developed in depths up to 1.8 m. This agrees with the findings of Sýkora (2008) for Dutch Nymphaeion albe communities, but only partly with Dimopoulos et al. (2005) who found water lilies up to 2.5 m in Greek freshwater wetland. In terms of water depths related to the Potametum perfoliati association and other Potamogeton taxa, the present findings agree with the data of Ştefan et al. (2006) for the Danube Delta Biosphere Reserve, but they are inconsistent with those of Randjelović et al. (1993) for the Croatian oligotrophic karstic Krka River who found such communities mostly in depths between 2.7 and 4 m. For taxa of the Phragmition australis communities no associated water depths were observed. These plants and associations occupy the margins of the rivers between communities of the Molinion coeruleae or Viticion agni-casti (the NerioTamaricetea class) and the Potametalia order (Jasprica et al. 2003 ). This zonation is typical of the vegetation of aquatic and marshland habitats at regional (e.g., Stančić 2007) as well as local (Jasprica & Carić 2002) scales.
The influence of water depth on root submerged hydrophytes is related to two interacting factors: (i) light availability as directly affected by water colour and turbidity (Squires et al. 2002) and (ii) the exponential attenuation of irradiance with depth (e.g., Middelboe & Markager 1997) . In the shallow and rather calm water systems studied here, the occurrence of root submerged macrophytes (Potamion) coincided with high water transparency, while turbidity varied from site to site. The bottom could be seen at some sites, while at others the water was more turbid and appeared greenish. The latter may be caused by the proliferation of submerged vegetation. In addition, our karstic rivers contained significant amounts of inorganic suspended solids, and after heavy rainfall also large amounts of dissolved humic substances. In fact, the highest attenuation coefficients in the Trebižat River were found at the site with the Potametum lucentis association, but no regularity was found between the site's optical features and depths or flows. According to Sand-Jensen (1990) and Sand-Jensen & Borum (1991) , the attenuation coefficients generally increase with the water depth and with the thickness of epiphytes. In fact, the relative amount of longer-wavelength visible light, particularly in the red part of the spectrum, diminishes more rapidly than blue wavelengths. This spectral change has implications for the arrays of photosynthetic pigments present in hydrophytes growing at various depths (Moss 1998) .
Finally, Capers et al. (2010) showed that spatial distribution of species is unrelated to the distribution of the environmental conditions and thus is probably related to species dispersal abilities. Although the species of Holoschoeno-Molinietum arundinaceae, Salicetum albae-fragilis and Eucladio-Adiantetum capilliveneris associations directly did not generally relate to water quality parameters, they are important components of the lower portion of the rivers with a steep slope. They also contribute to the overall diversity of ecosystems.
In conclusion, this study represents an important contribution to the biodiversity conservation programmes and essential base-line information that should aid in evaluating the state of these ecosystems in the future. It highlights abiotic factors with a major influence on vascular plant communities in the karstic rivers. Generally, the relationships between macrophytes and environmental factors in the oligotrophic rivers are expected to be weak. This may be explained by many other factors that are also important determinants of water quality and floral composition but that have not been investigated in this study. Measurements of environmental variables over a limited time and space, and detailed maps of plant taxa occurrence are needed to evaluate environment-associations relationship more precisely. We agree with Demars & Harper (1998) that future surveys should select sites where physical parameters are more homogenous, i.e. using the homogeneous river section method (Tremp 2007) .
